The collection of sidestream smoke (SSS) using the "BAT fishtail chimney" method became the accepted standard, but following the harmonisation of linear and rotary smoking machines it is no longer possible to observe all parameters of the method as published. A prerequisite of any SSS collection method is that mainstream smoke (MSS) yields should not be affected. Additionally all the standard features and parameters of normal MSS collection should as far as possible remain unchanged. The previously published method and current harmonised MSS collection are not compatible mainly due to the significant increase in air-flow rate over the cigarettes that is now necessary. This study describes the use of a modified chimney that incorporates an airtight insert causing a reduction in aperture size leading to a local increase in airflow over the cigarette. The method optimises SSS collection whilst maintaining full compliance with the current International Organisation for Standardisation (ISO) Standards for MSS collection. [Beitr. Tabakforsch. Int. 20 (2002) 
SUMMARY
The collection of sidestream smoke (SSS) using the "BAT fishtail chimney" method became the accepted standard, but following the harmonisation of linear and rotary smoking machines it is no longer possible to observe all parameters of the method as published. A prerequisite of any SSS collection method is that mainstream smoke (MSS) yields should not be affected. Additionally all the standard features and parameters of normal MSS collection should as far as possible remain unchanged. The previously published method and current harmonised MSS collection are not compatible mainly due to the significant increase in air-flow rate over the cigarettes that is now necessary. This study describes the use of a modified chimney that incorporates an airtight insert causing a reduction in aperture size leading to a local increase in airflow over the cigarette. ). The vast proportion of SSS arises at the burning tip (known as smoulder stream) either directly after a puff has been taken or during the inter-puff period when the cigarette is free burning. A minor fraction of the total SSS may escape through the cigarette wrapper, depending upon the porosity of the paper, and through filter tip ventilation holes if present. SSS is the major contributor to environmental tobacco smoke (ETS), and although the chemical characteristics of SSS alter fairly rapidly on dilution to form ETS, the accurate quantification of SSS is an important starting point in the study of ETS. The method of SSS collection published by British American Tobacco (BAT) in 1988 (1), colloquially known as the fishtail chimney method, has become the accepted standard method of SSS collection. This procedure uses a glass chimney with a wide fishtail-shaped bottom that is placed over the burning cigarette. A conventional Cambridge filter placed in a holder fitted at the top of the chimney collects all the particulate matter from the emitted SSS. In order to assist the passage of the smoke up the chimney, and to prevent "fallout" from the base, a pump is used to draw the smoke upwards and through the filter. Two types of commercial smoking machine are in general use, the Filtrona linear machine and the Borgwaldt rotary machine. Prior to 1990, each of these machines delivered somewhat different MSS yields for the same cigarette. As a result of EU directives in the field of tobacco products that came into force in 1992 it was necessary to "harmonise" these two types of smoking machine, which are used in different countries of the union. To produce the harmonisation both machines received major modifications to their physical design, together with new airflow criteria for the extraction of the SSS generated. The modifications to the Filtrona machine physically inhibit the use of the fishtail chimney as originally specified by BAT. This is because the machine now has a removable air flow baffle/diffuser placed above the cigarettes and also the maximum height between the cigarette position and the top of the machine enclosure is less than for the previous Filtrona model. In addition, the current specification for the airflow at the cigarette position is significantly higher than the original target flow rate prior to harmonisation. It is only in recent years that reports have come to light of the fishtail assembly being used again with current design of smoking machines. Recent reports of SSS determinations have been described by Labstat in Canada (2) where SSS yields are a formal requirement of British Columbia legislation, and in a paper by PERFETTI et al. (3) in the USA. It is not possible to elucidate the exact methodology used in either publication due to lack of experimental detail. The aim of this study was to develop an experimental procedure for collecting and analysing particulate matter (specifically "tar" and nicotine) from cigarette SSS, while keeping all the primary requirements of the current methodology for determining MSS yields. The procedure uses the Filtrona SM400 design of smoking machine with minimum modification of the standard ISO method for MSS determinations.
Previously described procedures for SSS collection
The BAT procedure for SSS collection utilises a glass construction, which covers the cigarette longitudinally as it is smoked. SSS is drawn up a glass tube or chimney and through a standard Cambridge filter pad. Some "tar" and nicotine will condense on the glassware before reaching the filter pad. Therefore both the residues on the inside of the glassware and the particulate matter trapped on the filter pad have to be measured and analysed and the separate yields combined to obtain total SSS yields. Both the method described in the BAT publication and previous work (4) carried out by the Laboratory of the Government Chemist (LGC) used 3 cigarettes smoked per SSS determination. This is less than the 5 cigarettes used for standard MSS yield determinations because SSS yields of most smoke constituents are greater than MSS deliveries and a SSS yield from 5 cigarettes could overload the filter pad and may cause possible breakthrough and incomplete particulate retention. The Labstat procedure smokes a total of 4 cigarettes but the SSS filter pad is changed after two cigarettes. The first pad is extracted and analysed and the pad yield calculated on the basis of smoking two cigarettes. The second pad from cigarettes 3 and 4 is not analysed and is discarded. The glassware through which the smoke from 4 cigarettes passes is rinsed and the extract analysed. The result from this solution is calculated on the basis of smoking 4 cigarettes. The overall yields are therefore derived from a combination of smoking 2 and 4 cigarettes. The method of PERFETTI et al. omits to state how many cigarettes were smoked. It refers to two filter pads but again does not specify how these are used.
A second difference between the previous LGC method and the Labstat method concerns the measurement of the "tar" collected on the glass chimney.
LGC used the classical approach of determining the gain in weight and subtracting the water and nicotine contributions obtained from GC analysis of the extract solutions. Although Labstat determines nicotine in the extract from the glassware, they do not determine its water content. Instead, a colorimetric measurement of the glassware extract is made, together with one of the corresponding extract from the SSS pad. The "tar" yield on the glassware was then computed from a straight ratio of the colorimetric absorbances of the glassware and pad solutions multiplied by the "tar" yield of the pad. This methodology was also described in the original BAT publication. The BAT publication makes reference to a vapour phase nicotine trap, inserted after the SSS filter, but noted that a very small percentage of nicotine escaped through the filter pad. Such a trap was not used in previous LGC work (4), however PERFETTI et al. specifically made reference to this fact as a likely reason for the somewhat lower results reported by LGC in their published data. PERFETTI et al.
reported that up to 15% of the total nicotine was found in this final trap. The Labstat method also includes a vapour phase trap but gives no indication of the proportion trapped. The flow rate through the chimney is an important factor in the collection of SSS. The cross section area of the standard BAT design fishtail chimney was approximately 13. Labstat method used a flow of 3 L/min through the chimney, slightly more than the original recommendation but much less than the theoretical comparison value for current MSS smoking standards.
Smoking methodology for SSS collection should differ as little as possible from the standard ISO MSS method. The latter uses electrical coil lighters that form part of the smoking machine. However, due to the "cage" effect of the fishtail around the cigarette, in order to use these lighters the glass chimney needs to be raised temporarily during the lighting and lowered immediately after lighting. Obviously, lowering all chimneys simultaneously when multiple determinations are made requires a complex modification, and a small amount of SSS may still escape from the base of the fishtail during lighting. PERFETTI et al. do not make any reference to lighting methods. The Labstat method lights the cigarettes with an electric lighter with the chimney raised. The chimney is then lowered and a plate is positioned 6 mm from its base.
MATERIALS AND METHOD

SSS collection
The purpose of the baffle introduced on the harmonised Filtrona 20 channel smoking machine is to "smooth" the airflow around and above the cigarettes. In the SSS collection situation the ancillary pump controls the flow over the cigarette, the primary extract from the machine only being used to remove vapour phase. Therefore, the baffle can be removed for SSS collection without compromising either the new machine design or the SSS methodology. The dimensions of the harmonised smoking machine determine the combined chimney length. The original LGC glassware chimneys were modified to a compatible length. The fishtail end itself was not changed, but the length of the glass tube forming the chimney was reduced so that the distance from the cigarette position to the SSS collection pad was 37.5 cm. A Cambridge filter holder was attached by an airtight connection to the top of the chimney. A vapour phase nicotine trap containing propan-2-ol cooled in ice, was attached by a length of Tygon tubing (55 cm long × 4.75 mm i.d.) from the exit side of the SSS Cambridge filter. The exit of line from the liquid trap was connected via a flow meter to a small vacuum pump. A second vapour trap, when placed in series in the flow line, did not trap any detectable nicotine, indicating that under the flow conditions used one trap was sufficient to quantitatively trap any vapour phase nicotine passing through the SSS filter. Tests showed no evidence that the cooling of a vapour phase trap in ice retained more nicotine than a similar trap at room temperature. However, the loss of solvent by evaporation into the exhaust flow was found to be significantly reduced (less than 2 mL being lost compared to more than 5 mL for traps used at room temperature). Therefore, for environmental reasons, ice cooling was used.
Flow rates
The flow rate through the chimney was measured using the inline flow meter. A series of tests were made using the reduced length, but otherwise, unmodified fishtail and a range of flow rates through the chimney from 1 L/min to 4 L/min using 1R4F cigarettes. It was apparent that although MSS yields were fairly constant over the flow rate range, SSS yields showed a variation in the delivery of water and nicotine. At higher flow rates less water was collected on the SSS pad and more water was carried into the vapour phase trap, presumably due to evaporation from the pad. The total nicotine yield decreased slightly with increasing airflow, although the amount of nicotine collected in the vapour phase trap increased with increasing flow-rate. The nicotine-free dry particulate matter (NFDPM) trapped on the pad showed minimal variation with flow rate. A summary of the yields obtained from these preliminary trials is given in Table 1 . Further development of the method employed an extraction flow rate of 3 L/min. 
Chimney insert
In order to maintain the standard airflow conditions for the simultaneous collection of MSS it was necessary to increase the air velocity in the vicinity of the cigarette whilst keeping the overall airflow at 3 L/min. To achieve a linear flow of approximately 200 mm/s, a volume flow of 3 L/min needs to pass through an aperture of 250 mm 2 (3 × 10 6 /200 × 60). This was achieved by the design and construction of an insert made from corrugated cardboard and latex sponge. The insert was positioned directly below the cigarette immediately after it had been lit. A piece of close texture foam sheet, 8 mm in thickness was glued to an area of corrugated cardboard with a width slightly less than the inside of the chimney. The cardboard was bent through 90 degrees at both ends and extended in a vertical plain for 15 mm. The area dimensions of the foam were fractionally greater than those of inner surface of the chimney and therefore formed a seal against the glass. An aperture, 63 mm × 4 mm corresponding to an area of 252 mm 2 , was cut centrally in the insert. The insert is so positioned in the chimney that its top surface was immediately below the cigarette when it is in position on the smoking machine. The back vertical side of the insert is used to block much of the excess area of the cut away arch of the chimney through which the cigarette protrudes. This is necessary as it was found that when only the aperture area is reduced, the airflow over the cigarette was still incorrect as much of the air is drawn in through the open vertical edge of the fishtail. The theoretical airflow could not be measured using a Schiltnecht probe (Model Thermoair 2 Anemometer, Schiltnecht Messtechnik AG, Gossau, Switzerland) normally used with the Filtrona, as the stem of this probe is wider than the fishtail. However, measurements were possible using the probe of a Lambrecht instrument (Model 642, Lambrecht GmbH, Göttin-gen, Germany). To make the measurement the fishtail assembly was set up on the smoking machine in the reverse orientation to normal use with the open arch side towards the operator. An insert was positioned in the fishtail and the airflow adjusted to 3 L/min. The Lambrecht probe was positioned in the fishtail where the cigarette would normally reside. Subsequent measurements on a series of insert and chimney combinations confirmed the flow in the position directly above the insert aperture was within the ISO Standard of 200 ± 30 mm/s. The top surface of the insert was covered with aluminium foil to avoid the possibility of the cigarette burning the insert. The dimensions of the inserts were tailored individually to take account of slight variations in the contours of the different chimney walls. Insert and chimney were therefore numbered as a combination. A photograph of the insert in position in the chimney is shown in Figure 1 .
Application of the method to cigarettes
Six brands of UK cigarettes were sampled, ranging in NFDPM yields from 1 to 11 mg/cig, together with 4 examples a SSS = MSS yield using new SSS methodology; ISO = MSS yield using current ISO Standard Methods; SSS-ISO = Difference in yields between the two methods.
of Kentucky reference cigarettes. Cigarettes were conditioned before smoking at 60 ± 2% RH and 22 ± 1 °C for at least 48 h but less than 10 d (6). Cigarettes were lit using a hand held electric single coil lighter. The diameter of the heating area was marginally less than the internal width of the chimney and could therefore be inserted within the chimney. The cigarette was lit with the chimney in the collection position. Immediately after lighting an insert was positioned in the fishtail. One operator could make four determinations in one run by lighting each channel in turn on sequential puffs. Three cigarettes were smoked consecutively for each determination and three determinations were made for each brand. Smoking was terminated using the standard Filtrona cotton device and immediately afterwards the insert was removed and the cigarette extinguished. The pump was switched off after a further 30 s to allow any remaining SSS to be collected. All smoking parameters complied with current ISO Standards (5,7).
Sample analysis
After smoking, the chimney and the SSS collection filter were re-weighed. The chimney was inverted and clamped over a 50 mL volumetric flask and propan-2-ol extract solvent run down the inside surfaces. A wash bottle was found to be the most practical method of directing the solvent. Any visible residue which was difficult to dissolve (e.g. that in the proximity of the burning butt) was removed with a small piece of filter pad soaked in solvent. This was then added to the flask. The contents were made up to volume, stoppered and mixed well. The filter pads from the MSS and SSS Cambridge filter traps were extracted using standard methodology (7) . An unfritted bubbler trap, containing 30 mL propan-2-ol extract solvent, was used to retain any nicotine vapour passing through the SSS Cambridge filter pad. The contents of the trap were transferred, with rinsing, to a 50 mL volumetric flask. The internal walls of the Tygon tubing were rinsed with propan-2-ol and added to the flask which was finally made up to volume. The extracts from the SSS filter pads and chimney washings were analysed using the UV spectrophotometric method. This avoids the needs to determine water on the glassware washings, which were shown to be rather variable due to the hygroscopic nature of propan-2-ol. The extract from the SSS filter pad was diluted 50 times (0.5 mL to 25 mL), and 5 mL of the solution from the chimney washings were diluted to 25 mL. The spectrophotometer wavelength was set at 310 nm, and the absorbance of each pair of solutions measured. The linearity of response up to an absorbance of 0.8 was confirmed by measurements on a series of dilutions of a SSS pad extract. Nicotine and water contents of the extracts from the two Cambridge filters were determined by ISO gas-chromatographic methods (8, 9) . The nicotine contents of the chimney washings and the vapour phase trap were also determined using the same instrumentation (8) .
RESULTS
The results, average of three determinations, for the corresponding MSS and SSS yields of the UK brands and the Kentucky reference cigarettes are shown in Table 2 . In Table 3 the puff number and MSS yields of the UK brands are compared with the corresponding values obtained during a routine survey of "tar", nicotine and carbon monoxide yields for similar sample packs. Table 4 compares the data, both MSS and SSS, obtained in this study with that reported by PERFETTI et al. The analysis methodology closely resembles that obtained by Labstat, whose data has been published on the Internet. However, most of the Labstat data is for brands with NFDPM and nicotine yields in excess of those of the UK brands tested. Without a common brand it is not possible to offer a meaningful comparison with their results.
DISCUSSION
In general the RSD values in Table 2 indicate good reproducibility of the overall procedure for total SSS yields of NFDPM and nicotine. The average RSD's across all 10 sets of results are 3.9% and 4.2% for total NFDPM and total nicotine respectively. There were some significant variations between determinations in distribution of nicotine between the fishtail glassware and the vapour phase trap, but these even out when a total summation of the overall nicotine yield is made. The possibility exists that a small fraction of the nicotine could be absorbed by the walls of the Tygon tubing before reaching the liquid trap.
Inspection of the data in Table 3 indicates that puff number and MSS yields of NFDPM and nicotine are marginally higher when SSS was simultaneously collected. However the increase is small (less than 5% across all brands) and reinforces the contention that these yields are not significantly affected by the SSS methodology developed. 
CONCLUSIONS
The aim of this study was to obtain an experimental procedure for collecting and analysing particulate matter (specifically for "tar" and nicotine) from cigarette SSS, without compromising the simultaneous collection of MSS yields. An integral aspect was to ensure that all the standard features and parameters of ISO MSS collection should remain unchanged. It has been demonstrated that the method developed complies with this objective to a greater extent than any method published so far. In theory and following suitable validation, the method could be applicable to the collection of other SSS particulate compounds.
